Abstract
Introduction
Rechargeable lithium-oxygen (Li-O 2 ) battery has been considered as a promising alternative to lithium-ion battery (LIB) in the application fields of vehicle electrification and large-scale energy storage, owing to its higher (~3 to 5 times) practical gravimetric energy density [1] [2] [3] . However, the proposed replacement by Li-O 2 batteries still faces several technical challenges such as large voltage hysteresis, low round-trip efficiency and short cycle life [4] [5] [6] . Intensive research efforts towards better understanding of oxygen reduction reaction (ORR) and oxygen evolution reaction (OER) mechanisms, and the design principles of highly efficient ORR & OER catalysts are critical in improving battery performance [7] [8] [9] [10] . Different from the intercalation mechanism in LIBs, Li-O 2 batteries are based on an electrocatalytic mechanism for both ORR and OER processes, where "electro" emphasizes the essentially smooth transportation for electrons, and "catalytic" indicates the necessity of catalysts with intrinsically high activity. A well-known discharge reaction in a stable Li-O 2 battery is the formation of lithium peroxide on the surface of cathode where oxygen reacts with lithium ions and electrons, 2Li + +O 2 +2e -→Li 2 O 2 [11] [12] [13] [14] .
Both the electric conductivity and catalytic activity play important roles to avoid sluggish kinetics of in ORR process. The OER process follows the same rule as well.
It is necessary to investigate the relationship between catalytic activity and electric conduction in the electrocatalytic processes. Two primary kinds of cathode catalysts have been proposed in the previous research on Li-O 2 batteries: noble metals and M A N U S C R I P T 
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Results and discussion
We firstly observe the morphologies of the obtained samples, as shown in two-phase transition. Additionally, a rising charge plateau after the second stage has been assigned to the decomposition of carbonate-type byproducts and electrolyte [33] .
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In our work the three-stage behavior during charge process with three peaks at 3.2 V, 3.5 V and 4.1 V correspond to this reaction mechanism well. However, the pure KB cathode only shows a broad peak around 4.0 V which may result from some side reactions. The following two cycles largely sustained without obvious decline of peak area and increase of overpotential, which represent the best ORR and OER electrocatalytic activity occurred on the Co 3 O 4 /KB (80%) cathode.
Meanwhile, EIS analysis of Li-O 2 cell was conducted to investigate the resistance of these cathodes loaded with different concentration of conductive agent (Fig. 7) . shows the slightest increase of R ct which also indicates the best combination of electric conductivity and catalytic ability. In the following charge process, the R ct of 
Conclusion
We optimized composite ratio of Li-O 2 catalyst to conductive agent to achieve the compromise of electric conductivity and catalytic activity. M A N U S C R I P T
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Highlights:
A series of Co 3 O 4 /KB composites cathodes in lithium oxygen batteries were prepared.
Co 3 O 4 /KB (80%) shows largest capacity, lowest overpotential and best stability.
The relationship of electrical conductivity and catalytic activity is studied.
